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INTRODUCTION 
Ca is an essential nutrient that needs to be provided by the diet. Consumption of dairy 
products is declining in industrialised countries. This has prompted the dairy industry to 
develop and launch novel Ca enriched milk products to increase their intake. The 
decision on the level of Ca fortification has to be made by taking into account the 
product usage, the current Ca intakes in the target population, the food regulations as 
well as the effects on milk quality and safety.  
 
The aim of this work has been to study the content and distribution between the soluble 
and micellar phases of minerals in Ca enriched ultra high temperature (UHT) milks 
recently commercialised, as well as to cast some light on the  ingredients and  additives 
involved in its processing. 
 
MATERIALS AND METHODS 
Nine brands of Ca-enriched UHT commercial milks were studied. Total protein and 
lactose contents in milks were determined with an infrared automatic equipment and. 
ionic Ca was measured with a selective electrode. 
 
The soluble phase was separated by ultracentrifugation from every milk sample at 
100.000 g and 20ºC for 1 h. Ca, Na and K were determined in milks and their soluble 
phases by flame atomic spectrometry (1). whereas analysis of phosphorylated 
compounds were carried out by 31P- NMR (2). 
 
RESULTS & DISCUSSION 
Total Ca content was in the range 1371-1793 mg L-1 (Table 1). Percentages of soluble 
Ca ranged from 24 to 37% whereas ionic Ca concentrations were within an interval 
between 44 and 91 mg L-1 lower than  those generally reported for raw milk The 
variability found for soluble and ionic Ca concentrations would be due to causes beyond 
heat treatments such as practices performed to fortify and stabilise this foodstuff.  
 
The phosphorus analysis permitted, in a direct way, to detect and quantify the different 
forms of P. 31P-NMR was able to detect polyphosphates as diphosphate in seven brands 
(Table 2). Most diphosphates found in milk samples tested were located in the colloidal 
phase (more than 85%)(Figure 1) and only  a small amount remained in the supernatant. 
 
Addition of dairy products or fractions 
Two groups of milk could be distinguished.  In the first one (brands 2, 4, 6 and 8) the 
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remarkably high levels of Na (648-1143 mg L-1) and K (1844-2155 mg L-1) together 
with lactose contents (5.7- 6.8%) indicated that these products could have been fortified 
with concentrated milk or milk powder (CM/MP) addition. A second group (brands 1, 
3, 5, 7 and 9) had the lowest lactose contents (4.6 - 5.2 %) and a lactose/protein ratio. In 
addition, they showed Na and K concentrations, that were either similar to non-enriched 
milks or increased in only one of the monovalent cations. These data suggest that 
ingredients poor in whey components, such as ultrafiltrated milk concentrates (UMC) 
or caseinates could have been added. 
 
Addition of salts 
Ca can be spiked to milk as salts, mainly as lactates and phosphates. Brands 3, 4, 5 and 
7 had soluble Ca fractions below 30%, lower than the percentage  considered as normal 
in raw milk. This may have been provoked by the addition of phosphates in different 
forms, that could cause a shift towards the micelles.  The highest soluble Ca fraction 
(37.2%) en Brand 9 (Table 1) could be justified by Ca lactate/sodium citrate addition. In 
this sample, as well as in brand 2, large amounts of polyphosphates were detected; at the 
same time, concentrations of ionic Ca in both brands were remarkably low (44 and 59 
mg L-1). This can be attributed to the buffering effect of citrate and its ability to form a 
relatively soluble calcium citrate complex which reduces the activity of the ionic Ca in 
the milk The high  content of Na in these milks would also reinforce this argument.  
 
CONCLUSIONS 
The  protein, lactose and main mineral contents observed in the present study were 
indicative of UFC or CM/MP addition. Diphosphate was detected in most of the 
samples, evidencing the addition of polyphosphates as stabilisers. No identical profiles 
in the mineral content and distribution were observed in the different brands analysed   
demonstrating that practices are not  standardised among the dairy industries. 
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Figure 1.  31P-NMR spectra of Ca enriched UHT milk and its supernatant  
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Table 1. Concentration of total, soluble and ionic Ca (mg L-1) and total K and Na in Ca 
enriched UHT milk. 
 
BRAND 
Ca  
K 
 
Na Total Soluble  (%) Ionic 
1 1371 435 (31.7) 54 1622 732 
2 1476 487 (33.0) 44 1844 1143 
3 1793 423 (23.6) 83 1805 495 
4 1537 418 (27.2) 73 2000 648 
5 1387 399 (28.8) 59 1645 615 
6 1525 483 (31.7) 59 2155 848 
7 1533 443 (28.9) 91 1793 488 
8 1400 435 (31.1) 71 2055 725 
9 1636 608 (37.2) 59 1710 813 
 
  
